Abstract
INTRODUCTION
Considerable amount of rejects at the end of a production line in an alloy steel based plant, turnings and borings from machine shops, trimmings from die forging, sprue, risers and gates from foundry shops, all could constitute scrap piles which could be remelted and reused in production line. Induction furnace is found suitable in achieving this aim because of its traditional moderate size and environmental friendliness, making its movement easy. The heat needed to generate melt is itself generated within the scrap electromagnetically-a non-contact heating process. High frequency electricity drives a large alternating current through a coil which in turn generates a very intense and rapidly changing magnetic field (causing eddy current in the scrap). In other to achieve time-gain melting exercise, part of the subsequent melt is left in the furnace as "heel" to preheat the next charged solid scrap. This work is aimed at determination of most economic, optimum, level of charge and heel in the routine melting.
Literature Review

Electromagnetic induction heating
Induction heating is mainly dependent on two physical phenomena:
1. Faraday-Lenz's law and 2.
The Joule effect
When loop of a conductor is placed in an alternating magnetic field, alternating current is induced in the loop thus
Faraday affirmed that when this loop is short-circuited, the induced voltage 'E' will cause current to flow and oppose its cause, the alternating magnetic field. If a massive conductor (like a charged crucible) is placed in the alternating magnetic field, eddy current will be induced and in turn, generate heat within the conductor according to the joule effect principle.
[1]
The Joule effect
When current 'I' (A) flows through a conductor with resistance 'R' (Ω), power 'p' (w) is dissipated in the conductor as [2] : P = R x I 2
Skin effect
A source of high frequency electricity is used to drive a large alternating current through the coil. This coil is known as the work coil ( Figure 1 ). The passage of current through this coil generates a very intense and rapidly changing magnetic field in the space within the work coil. The work piece to be heated is placed within this intense alternating magnetic field. The alternating magnetic field induces a current flow in the conductive work piece. The arrangement of the work coil and the work piece can be thought of as an electrical transformer. The work coil is like the primary where electrical energy is fed in, and the work piece is like a single turn secondary that is short-circuited. This causes tremendous currents to flow through the work piece. These are known as eddy currents. (Figure 2 ). In addition to this, the high frequency used in induction heating applications gives rise to a phenomenon called skin effect. This skin effect forces the alternating current to flow in a thin layer towards the surface of the work piece. The 
Induction Furnace Heat Generation
Heat generation rate in an induction furnace
The heat 'Q' in joule, generated in an induction furnace is directly proportion to the square of the induced current 'I s ' in Ampere, as shown in equation 3.
Heat generation rate is therefore given by t Q where Z = an empirical constant [4] .
The induction furnace arrangement behaves likes a transformer. The work coil is likened to the primary winding while the charge serves as secondary winding [5]. Heat H s shall be the addition of heat to raise the scrap's temperature from ambient temperature to its melting point, heat needed to change the solid scrap to liquid at the same temperature and the heat needed to raise the temperature of the melt from melting point to a given superheat temperature. Thus,
The Heat (H
Where C = specific heat capacity of the scrap material in …. ) (
(The resulting mixture is assumed to be is solid form, else the model does not apply).
Similarly, H mx can be written as
) ( 
THE MODEL EQUATIONS
Assumptions:
1.
Heat loss during opening and closing of the furnace is neglected 2.
The heat absorbed by the crucible (during the first melting) is not accounted for.
To have a complete melt from the scrap, the inductive heat generated by the furnace must be equal to the heat needed to melt the scrap.
That is, 
RESULTS AND DISCUSSION
Model Result
The induction furnace model result is presented in Table 1 . 
Experimental Results
The experimental result is presented in Figure 3 . 
SN
Results Discussion
The productivity increased with increase in heel level. Above 36.8% heel level however, a steep decline in productivity set in (Figure 3 ). From the model result (table4.1), increase in heel level up to 9.00Kg caused remarkable reduction in energy-cost of melting. Further increase above this level however caused no significant reduction in energy-cost of melting.
